Abstract-This paper proposes a novel method of suppressing converter acts as an inrush current sinker on the source side. the inrush current of transformers. A small-rated voltage-source However, to act as a direct sink for the inrush current, a bulk PWM converter is connected in series to a transformer through a PWM converter is required. For practical uses, it is necessary matching transformer. Since the connected PWM converter to reduce the capacity ofthe PWM converter.
proposed method can perfectly suppress the inrush phenomena.
small-rated PWM converter can be used. The proposed inrush
The required-rating of the PWM converter, which acts as a current suppresser is practicable. value of the magnetic flux density becomes 3.0T when the Thus, the control gain K of (1) . We was perfectly suppressed by the proposed method. In Fig. 8 , see that the proposed inrush current suppresser perfectly the control gain was gradually decreased over 50ms before suppressed the inrush current. As the control gain K was stopping the PWM converter. The re-inrush phenomenon was gradually decreased over 50ms, as written above, the re-inrush also suppressed. phenomenon was also suppressed. Fig. 7 model. A three-phase diode rectifier was used to charge the dc Figure 10 . Experimental waveforms for the transformer To with closing angle capacitors of the PWM converters in Figs. 1 and 2 , where the of 90 degree in single-phase circuit.
initial value of the dc capacitor was 270V. The PWM converter was started with an output voltage of OV before SWo was This is about 0.5% of that of the main transformer Tro. =30.0W. Fig. 12 shows experimental waveforms for the proposed inrush current suppresser of Fig. 1 for single-phase circuits. VT This is about 0. 17% of that of the three-phase transformers in is the receiving-end voltage waveform. is is the source current Fig. 2 . These results demonstrate that suppressing the inrush waveform on the primary side of the transformer TrO. vO,W is the current by such small-rated PWM converters is applicable for output voltage waveform of the PWM converter. The inrush practical uses.
phenomenon was perfectly suppressed even though the main transformer TrO was connected to the source with a closing IV. EXPERIMENTAL RESULTS angle of about 0 degree. The control gain K was gradually A prototype experimental model was constructed and tested decreased over 50ms, so that the re-inrush phenomenon was to demonstrate the validity and practicability of the proposed also suppressed. Fig. 13 shows experimental waveforms when inrush current suppresser.
the PWM converter is suddenly stopped. As compared to Fig.   12 , a re-inrush phenomenon occurred.
A. Confirmation ofinrush phenomenon Fig. 14 shows experimental waveforms for the circuit in
We now demonstrate experimentally that an inrush Fig. 2 , where the control gain K was 765fl. VTab is the receiving phenomenon occurs when the transformer TO is connected to end voltage waveform between the a-phase and b-phase. vo,,", the source. Fig. 9 shows the experimental inrush current Vou,b and v(s,,, are the output voltage waveforms of the PWM waveforms for TXo in single-phase circuits with the closing converter. isa, 15b and isc are the source current waveforms on angle of about 180 degrees. The inrush phenomenon was the primary side of the three-phase transformer. As described caused by core saturation. The peak value of the source current before, an inrush phenomenon always occurs in three-phase is is about 300A. This is about ten times the rated current, 30A, circuits. Yet the inrush phenomenon was perfectly suppressed of the transformer T,o, and well agreed with the simulation in Fig. 14. The PWM converter was stopped after the control results of Fig. 3 . Fig. 10 shows experimental waveforms with a gain K was gradually decreased, so that the re-inrush closing angle of 90 degrees. As expected, no inrush phenomenon was also suppressed. phenomenon occurred, and these experimental results well agree with the simulation results of Fig. 4. Fig. 11 shows the C. Required-ratings ofthe PWM converter experimental results in three-phase circuits. The inrush From the experimental results of Fig. 12 , the required-rating phenomenon occurred in all phases. These experimental results ofthe PWM converter is given by also well agree with the simulation results ofFig. 5. SA-94-29,1994 (in Japanese) suppressing the inrush current has been discussed in detail.
[2] K. Shinohara, K. Apparatus, IEE Japan, SA-96-50, 1996 (in Japanese) A prototype experimental model was constructed and tested.
